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Objectives This study evaluated the protective effects of water extract of Vitis amur-
ensis root (WEVA) against hydrogen peroxide H;O,-induced oxidative damage in
C2C12 myoblasts.

Methods To evaluate the protective effects of WEVA, C2C12 myoblasts were treated
with H203 in the presence or absence of WEVA. The effects on cell viability, reactive
oxygen species (ROS) generation, DNA damage, apoptosis, and mitochondrial func-
tion were analyzed using specific biochemical assays and western blotting. The in—
volvement of the nuclear factor E2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1)
signaling pathway was further investigated using a specific HO-1 inhibitor.

Results Our results demonstrated that WEVA protected against H,O,—induced reduc-
tion in cell viability and DNA damage, while simultaneously inhibiting the production of
ROS. WEVA attenuated H,O,—-induced apoptosis in C2C12 cells by increasing the
Bcl-2/Bax expression ratio, inhibiting caspase—3 activation, and blocking the cleavage
of poly(ADP-ribose) polymerase. Furthermore, WEVA reduced the release of cyto—
chrome ¢from the mitochondria to the cytosol by preventing mitochondrial membrane
disruption in H,O,—treated C2C12 cells. Under oxidative stress, WEVA enhanced the
expression and activity of HO-1, a process mediated by the induction and phosphor-
ylation of Nrf2. However, the ROS scavenging and ytoprotective effects of WEVA
were significantly diminished by an HO-1 inhibitor, indicating that WEVA prevents ox—
idative damage in C2C12 myoblasts by promoting Nrf2—-mediated HO-1 activity.
Conclusions In conclusion, these findings suggest that WEVA, as an Nrf2 activator,
possesses ROS scavenging capabilities and holds potential for protecting against oxi-
dative stress-mediated muscle diseases. (J Korean Med Rehabil 2026;36(3):1-14)

Key words Vitis, Myoblasts, NF-E2-related factor 2, Antioxidant, Mitochondrial dys—
function
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Az 3 Aol Alz=Ele] 8 415 wi7iAIR] 24
ZFAF(reactive oxygen species, ROS)-2 B2 02 AL
HelA A4 s=2 Aoj=w s 2da JEs +
3t} ROSO| H=dk S22 48} g By &4
H kst o] Aj2glef] 9%t 4kl 2~E | y(oxidative
stress) 2 A O|=&= DNA, A4, ©hid gl Al ] 47]
ol BIZFRZAR] A8} S doA TFHOE A
of H5E& 2UYIFTHA. &3, A AY4HH ROSE HE
ZEgo} 75 Ao 5A F skl mEZEgot 7
71 9] (mitochondrial membrane potential, MMP)E Zr4
AZIth o]& <13} cytochrome c& 22 HEFEE
ofe] Wuta} et Atolof| EA|Sh= Al EAFE(apoptosis)
= JAATF M ZH=E =531 caspase cascade”} 243
stelo] AZAPE A S5 JRARIPY. 53], S22 Al
ZE TOE AEZET AHAE Bol &H|st 5 S50
w2} rEZEgole] wgAdste] o3 ROSO| A4ke
05 S7MAZITES, ROS Z3ol| wle} 4ks} ~E# 27}
7kl &5 ©ild ZelE Sxlsked, ol 2%
S0l 12 & 442 Yotk ROSE ©] HgS =4
she o] A8 AZ29 Fa3 A=A AT,
ME 715 FAE f18) Al=x W 3

2114 dkslAE E3) ROS 5%
E Aost= AL, &5 75E REdte 8% A

S H(Vitis amurensis Rupr.) 20 U-E{Rhamnales
order)®] E=INFj&R}, Vitaceae family)ol] <38h= thd
A GEA o &3P, g Fo] Hee V)= &
5, AT, T o T ASE A& dE AEE
g AREE T glom, 84, T, niel 9 2%}
AR o] - FH-E A2 HusEy gepeh. 1
U] 4 Aol = YgrFo| grj g B,
=719} §A k0 g3 Fol gl W Hth

P o] giksl F4-2 ROS AA 9] S F3)e]
28ld AEYAZEE AEE HEss Z0R W
Aok 7o BeQl MR ksl Il w3k
Choi 5'7¢] A7l o3, HFZ FE=0 Trd
& 4JE(phenolic compounds)l 2§+ ROS A4 =t
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< 5% HEZE=go} 7 BE TYo] Izt 9F 7
A3 (HaCaT keratinocytes)ol| A 4AHs}d ~Eg a2
A% DNA &3 MZAPES folzoz Aakstgt)
IR = B8t LEAE<t FePE e AREHIL
AT GrFo Bl mFZe st &4 3 Bd
71-ol thet ATE HE o g mnlg Aot me}
A B AFoA s FA7EA] A7 o] FolX vt gle
TE A HEZY ks Ao 3 FUHHR] 5%
B7HE A=Esith # dATolAe Ax W Akst 2E
g2 374-S APstaal C2C12 YA ¥ (mouse myo-
genic cell line)oll I4F8}=Ax(hydrogen peroxide, H,0»)
£ Agste] ROS AES =33 eH, o] 7|Hle g

=11

HET 84 FEE(water extract of Vitis amurensis
root, WEVA)©| Ad H4kst 8%5-& 9 3taat shsith

A& LD HHuey

= O

1. WEVAQ| M=

HE L B Y R4 F(Busan, Korea)oll A 1329
BHE TSR eH, 84 FEEE Az St
of B3 MF2 500 g2 2 LY =FFE 100 °C =4
oA 47t B BF Al2=El(reflux system, Kyungseo

E&P, Incheon, Korea)S ARE3t] -84 8-S FE3)

F}A|(Whatman No. 3 filter paper)S F3l AAS & I
3)H FE7](vacuum rotary evaporator, Tokyo Rikakikai
Co. Ltd., Tokyo, Japan)E AH&3l #=3lal, 54 1
Z7](freeze dryer, SP Industries, Inc., Warminster, PA,
USA)E o]&st FZadxsAT 58 PR
(WEVA)2 4 °Coll 23t o, Alzd 2287 ¢

st SRl AA sE= 343
2. MIZHHF 2 WEVAS| X{2|
2 Ao ARESE C2C12 M3E= American  Type

Culture Collection (Manassas, VA, USA)ollA 43k,
i) 278 37 °C 2 5% COZ A3 10% (viv)
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fetal bovine serum®} 1% (v/v) penicillin/streptomycin©|
718 Dulbecco's modified Eagle's medium (WelGENE,
Inc., Gyeongsan, Korea) HIA|E o]&3to] w5t
H,0,= TY*+= Sigma-Aldrich Co. (St. Louis, MO,
USA)©|™H, phosphate-buffered saline (PBS)ol] 24 %
2 3Msto] Al AE]§o= ARESISITE H000 2%
C2C12 Mz 9] MEZ=FAe) vX|= WEVAY] B35 G35
Yolry] 9I5le] C2C12 M) Thdst FE29] WEVA &
T H0E B502 2443 ¢ AsAY, WEVAZE
e HiAllA AEZE 1ARE WY 3 HO0, 5 24413 A
gtk ok2#, ROS A Ade 913 A e
= N-acetyl-l-cysteine (NAC, Sigma-Aldrich Co.)E *|2]3}k
Hom, heme oxygenase-1 (HO-1)&] Hehz AA 2=
zinc protoporphyrin (ZnPP, Thermo Fisher Scientific Inc.,
Waltham, MA USA)E AHE3I3TE NACH ZnPPE di-
methyl sulfoxide (DMSO, Sigma-Aldrich Co.)oll %< 100
mg/mL2] &F5%(stock solution)Z TH= & o]& Aok
iRl A wE= 34t H0, A2 1ARE Aol
WEVA$}H FAlo] = @502 XE]atdrh

3. M =S =4

H,0, Aol o3 C2C12 Alz9] A2 A4 el A
A= WEVAS] 3= W71 913l 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) &#A{H o2
oreFeh 204 wgE AZES o= Alx A&
55 ZARIATE ol S5t A2t ¢hs" F 0.5
mg/mL2] MTT (Thermo Fisher Scientific Inc.)7} &%
WA 2 wASkL 37 °Coll A WEGAIZFTE 3AIRES] Wk
% DMSOE AHE31o] 7} welloll 4% formazan crys-
talS 10423+ Sl AIATE ©]ojA] HH-E-A-S 96 well plate
ol 200 pLA 7 enzyme-linked immunosorbent assay
(ELISA) mlo]a2Z g o]E 5 7|(microplate reader,
Dynatech Laboratories, Chantilly, VA, USA)E &3l 540
nme] I A FFE(optical density, OD)E 43I
o} o= A 2ol W& C2C12 M2 A= A&
o &L 7|E0 2 MESE Y Zolth

Dtreated

Cell viability (%)= x 100

Dcontrol

ODyreates: mean OD in WEVA and/or H,O»-treated

cells, OD¢onoi: mean OD in untreated cells
4. NIZAE FEof M It

H,0, 2|3 C2C12 AE] HZAFE =0 WEVA
7} v A= GES A7) 915k Annexin V apoptosis
detection kit (Becton Dickinson, San Jose, CA, USA)E ©|-&
g fAlZ B st A 958 AEE 0.05%
trypsin-ethylenediaminetetraacetic acid (Sigma-Aldrich Co.)
gHo gz HHAZ F 583 2,000 rpm Oz YA4lE-E]
sto] RS Al Akl Aol wel 227t Sad
MEZE kito|A AFF binding buffer2 FHFA17 &,
annexin V-fluorescein isothiocyanate/propidium iodide
S4L Al oA 2023t RESAIZ T o]oA Al
ZAPE O] f- =% Al EZ(annexin VY/PI)2] HIEE FA|E
23 7](Becton Dickinson)& AH&3ste] &3 wh-gof u}

A
4T

oo

5. ROS ¥ &3

C2C12 A3l A H0,2 {17 ROSS| Aol mA=
WEVA S| da& ZAFSH7] fste] 33 probedl 2°,7°-
dichlorodihydrofluorescein diacetate (DCF-DA) 442
28319t} °o]E 93k WEVA (1.5 mg/mL)E 1413t
AAEE T H0, (1 mM)= 14X &< 371 A28
M EZ PBSE AF3}aL 10 pM2] DCF-DA (Molecular
Probes, Leiden, Netherlands)@ H2ollA 30& 5o <
AASFATE ©]F non-specific stainingS A A 3312} PBS
2 33] AlH & FAIE ZA7]E o83t AlzAke] A
el w2t 2t AelFd ROSS A AEE =43
th ol FY xdolA AME AEZES] DCF 3%
& 33dAv]7(Carl Zeiss, Oberkochen, Germany)
STt

AR

ol

” il
e ool
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6. HY A& FAM0i| 2ISF DNA &4 0{52| ot

WEVAZ} HO, AE]gF C2C12 A|ZS] DNA &/l
ot Y& MA =7 A8 218l DNAS| &4
u}71 <1 phosphorylated-H2A histone family member X (y
-H2AX, Ser139)2] &d WslE AR ol& 23]
WEVAE 143 &t MAjg)stal 2443t &<t H0.7F
AgE MEZE 100% HIRHEE 103 5 -20 °CollA
TN &, PBSE 3W AHEHE 1AHE AEZE
5% bovine serum albumin (BSA, Sigma-Aldrich Co.)”}
9 0.1% Triton X-100 in PBS (PBS-T)oll 1417} A
Lol A HFSA7|L 2.5% BSAE 3|43k y-H2AX &4
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)
£ F7Fst 4 °CollA] 12413 59 WREAIFT, THA
PBS-TE 1083t 23] AZE AA3IA, d200A 1%
BSAZ 3|23k 23} 3}A|(Alexa Fluor 488-labeled don-
key anti-rabbit IgG, Thermo Fisher Scientific)S 2] 1
AZE &< RESAIZT. ©]o)A PBS-TZ 23] 1021t Al
23k & Aol 20 2t 2.5 pg/mLe] 4,6-diamidino-
2-phenylindole (Sigma-Aldrich Co.) £S5 o]-&3] 35
F7}2 9A8aL PBS-TZ AlHsle y-H2AX 9] 23
BEE FRANA stelA Bt

7. Comet 24101 2|5t DNA &4 0520| I7}

H,0, A2l 23k C2C12 4|32 DNA 4o )X
+ WEVAS| F&& 371 ZASH] 913l comet 45
TY3FATE o] 215k comet assay kit (Abcam, Inc.,
Cambridge, MA, USA)E AME-3lR o, AZAL] A3
o] wg} AXZ &3jA7)1, DNAS 23S 5|83 &
7195 S EEstAth o]olA kitellA #8H SYBR
Gold £4° 2 DNAE dAsly FFdn]|7d-e ALt
o comet tail ©]F]X|Q] A AR=E BJAsIYTh

8. 8-Hydroxy—-2'-deoxyguanosine (8-OHdG)
gih FA0]| Olor DNA &4 OF XA}

y-H2AX G4 2 comet #4002 0¥ H0, F 5%

C2C12 A|3E2] DNA </l vX]= WEVAS] Xt &3
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& AFH O FRslr] Hlsted, ME Ul 4k &4l
o3 ¥4H 8-OHAGS| &2 B7Iatdith ol& I8t
, HlFe S=73}e] 8-OHdG ELISA kit (Biovision,
K4160-100, Milpitas, CA, USA)E AH&-all A& H

Ve sk

(<3

£

9. DIE2LL0f Vs

FH

o 87t

C2C12 A|3EolA H,0,00 23
Eejo} 7% A3}e} Aol YA} o] F WEVAT} 7
2N JEAE A fste] 5,5,6,60'-tetra-
chloro-1,1'3,3'-tetracthyl-imidacarbocyanune iodide (JC-1)
GAjo] e v =SS elol B A MM, Aym)®| ¥

ZA3H k. ©]E 913t WEVA (1.5 mg/mL)7} =
P wiAl ol A 1ARE F9F iR T, H0, (1 mM)

2417 A7 AEZES Fol PBSE AFE +, 10

uM-J JC-1 (Sigma-Aldrich Co.)& 3713l 37 °CellA] 20

AFslA o) mEE

lm oot 1:1

Bt BESAIF T o]oA MAEE PBSE THA| A5}
T AzAe] AR ol FAE B ALgekel
MMPO| ¥3stE ZASIA T

10. CHHEI 22| 2l western blot 24

WEVAS] H,0, = A1E &9 B35 fofshk=
A RS E AskE RIsk] Sl Aevt B
MEZE Eolx PBSE MZA 3, radioimmunoprecipitation
assay lysis buffer (Sigma-Aldrich Co.)& AMHE3l F ©
W28 =231}, mitochondrial fractionation kit (Active
Motif, Inc., Carlsbad, CA, USA)E ARgste] M2}

nEZEgol gds sttt Eed wdE
Pierce™ BCA protein assay kit (Thermo Fisher Scientific
Inc.)% ALE-she] A 235l ﬁ’ ZF AYdEE e o
o] A& sodium-dodecyl sulfate-polyacrylamide gel
A7195e S gt
membrane (Bedford, MA, USA)OE oA Zit} o
A Aol BHE 4 °CollA] AE i 12} Aol RESA
Z1 3, PBSE A& st 12} Aol A-3 231 g4
(horseradish peroxidase-conjugated secondary antibodies,

1A AT o]l A

% polyvinylidene difluoride

Santa Cruz Biotechnology Inc.)oll ¥
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Table L. List of Antibodies Used for Western Blot Analysis in The Present Study

Antibody Supplier
Cytochrome ¢ Cell Signaling Technology Inc.
Bax Santa Cruz Biotechnology, Inc.
Bcl-2 Santa Cruz Biotechnology, Inc.
Caspase-3 Santa Cruz Biotechnology, Inc.
PARP Santa Cruz Biotechnology, Inc.
Nrf2 Abcam, Inc.

p-Nrf2 Abcam, Inc.

HO-1 Santa Cruz Biotechnology, Inc.
Keapl Santa Cruz Biotechnology, Inc.
COX-1V Cell Signaling Technology Inc.

Actin Santa Cruz Biotechnology, Inc.

Goat anti-rabbit 1gG-HRP
Goat anti-rabbit 1gG-HRP

Santa Cruz Biotechnology, Inc.

Santa Cruz Biotechnology, Inc.

Item No. Dilution
#4272 1:500
sc-7480 1:1,000
sc-7382 1:1,000
sc-7272 1:1,000
sc-7150 1:1,000
ab137550 1:1,000
ab76026 1:500
sc-136960 1:1,000
sc-365626 1:1,000
#4844 1:1,000
sc-1615 1:2,000
sc-2005 1:1,500
sc-2004 1:1,500

Bax: Bcl-2-associated X protein, Bcl-2: B-cell lymphoma 2, Caspase-3: cysteine-aspartic protease 3, PARP: poly(ADP-ribose)
polymerase, Nrf2: nuclear factor E2-related factor 2, p-Nrf2: phosphorylated nuclear factor E2-related factor 2, HO-1: heme
oxygenase-1, Keapl: Kelch-like ECH-associated protein 1, COX-IV: cytochrome ¢ oxidase subunit IV, Goat anti-rabbit IgG-HRP:
goat anti-rabbit immunoglobulin G conjugated with horseradish peroxidase.

enhanced chemiluminescence -&(R&D Systems Inc.,
Minneapolis, MN, USA)¥} Fusion FX imaging system
(Vilber Lourmat, Torcy, France)2 ©]-83fo] & thi+
o) Wt H=E HESATE £ Aol AMHE 1
Z} @ All= Santa Cruz Biotechnology Inc., Cell Signaling
Technology Inc. (Beverly, MA, USA) % Abcam, Inc.°ll
A A3 BH(Table 1).

11. Caspase—3 &4 H7}

H,000 &3t C2C12 AMZ8| MZAPE A of st
+ caspase-39] &84S WEVAZF AT 4= A=AE 3
7V8l7] #1804 caspase-3 colorimetric assay kit (R&D
Systems Inc.)& AHE3IATE & 9Iste] ZHzte] A€
ZZoA HSE AEE Zof g e Bt & &
A3k ko] ohE(150 pg)= kitollA AlFE reaction
buffere} E33al caspases-32] 712 <! fluorogenic pep-
tide®! Asp-Glu-Val-Asp-p-nitroaniline (p-NA)7} &/
extraction bufferE Z7}3te] 37 °Ce] FAollA A=Ak
o Aol wet 9hSAIF T 2A1RF FRF HHEAIZ] 5
718 A E3lE p-NAS] FEE 405 nme| Il A
ELISA reader® §3%=5 ZH4sto iz 34 @t

of thet Zthz wl&e= AASIAH.
12. HO-1 &9l 2

gekslk 2doll A vjekE C2C12 AlEe] HO-19] 543
242 F(heme) o 2HE ABAE= U] FR(bilirubin) 2
S 7IEE A3 ol & fIste] Aert ¢sd
M| ZEE-S %o} HO-1 ELISA kit (Abcam, Inc.)e] #|% ol
ulg} z+ AZo] AidMof| reaction mixtureS H7FShaL
37 °ColA 1AIZE E_F RESAIFTE o]olA] AlZARe] A
Hof me} W] #Rle FE31aL 4649 530 nm Ako] <]
5335 x}o]= ELISA reader® =43le] A= Hg
TR g UiET v R E A AT

13. A %=

A Aol TARA FolAd 242 GraphPad Prism
(GraphPad Software, Inc., San Diego, CA, USA)< ©o]&
sto] Tukey AHE- BIZER F38tQit)h B A= F
4 A He] 563 AFoA B+ 3EFH X (standard
deviation) 2 A AIBFA L, p<0.059] F& BAA Frojn]
gk zfolE YEhe ASRE 1Hsith
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Fig. 1. Protective effect of WEVA against H,O,-induced reduction in cell viability in C2C12 cells. (A) Effect of WEVA alone
on the cell viability of C2C12 cells. (B) Effect of H,O, alone on the cell viability of C2C12 cells. (C) Protective effect of
WEVA against H,0»-induced cytotoxicity. WEVA: water extract of Vitis amurensis root, NAC: N-acetyl-I-cysteine. ‘p<0.05 and
p<0.001 compared with the control group; ¥p<0.05 and *p<0.001 compared with the H,O--treated group; NS, not significant

compared with the control group.
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1. C2C12 M|&Le| B4
o| 3}

Aol O|Xl= WEVA % H,0;

AZ T8 559 WEVASH H,0.7} 3Hrel iAo
2417 B<F HjekE & MTT 2400 23 A YEE
< ZARIATE Fig. 1A AAlE AFoA & = A%
o], WEVAS] 1 28] H%9] 2.0 mg/mL X &]tol| Al
Thas A3 AEgo] 7HAst o, a3 Blwsked
< o fFojHl Adb #FEA LUYTh T2 Y H0,
o =29 C2CI12 AlZEE H,0,2 X8 5% Z7tel w
E]_ @,i]— /x-]]_g_ A ZEgo] .3_9]744 o7 7U\*‘5}9\5{Ou:](1:ig
1B), 1 mM % 2 mM&] H,0,7} Ag]d -, ti= ol
Hl ¢k 60% 2 22% HE2] AlZ AEE&E YERSIT
°]& MTT £4] A¥ol F3k, C2C12 A= 4ksh4
2EY 2 73S 9% H0,9 A $55 1 mME A
Astath 183 H,0,9] AlEZSA 0l vX]+= WEVAS]
FEFS 2/ AAAE 1.5 mgmlE 1 TEZ

2t A2 stk

2. C2C12 MIZZOfIA HO01 2ot MIIL =S K|
O O|Xl= WEVAS| Fat

0.5 mg/mLe] WEVAZ} ZAEl" A= H0,00
ofaf oJAlE Mx &gl FrolFl WM} glAARE 1
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mg/mL 2 1.5 mg/mLe] WEVAZ} EAJ8H= 2=
AZ AEEo] A 5 EH 0 E I EH I tHFig.
1c> = YA EFO R ROS A4 AsiAIS] NAC!E)
10 mM A = 1 mMe] H,0,E AE3IAE 4%
=7 div] 90% 52| Al S-S HAFTh

3. C2C12 Tl H.0.00 oI5t MITEALE Q0|
O|X|= WEVAS| gt

H,0,7F &5 Xg]9 C2C12 A|Zol| Ao HZAFE f
e T 2(3.5%) N BIste] oF 8.54H(29.4%) S7H=SL
o1, WEVA ©5 A2 (4.9%) M= tz7F A

I FFolAtk. 13y WEVAZE EA1shs 204
H,001 =FH AEA ] MEZAPEL oF 193%=E 1}
By o dlZ2T NAC AAETH(13.5%) Boe 22
A%k, WEVAE H)0,00 2]3F C2C12 A|E22] A|ZAIE S
A St ATHFig. 2).

4. C2C12 MIZ0lIA H,0, X2|0fl 2J5F ROS ¢4
Ofl O|Xl= WEVAZS| Z&t

DCF-DA o) w2 fAZ 4 A7 Fig. 2B)°ll <
SHA, thHET(3.1%)° st H0.7F A 2d AlaEeA
ROSS] A EFE 9u)] ©]744(29.7%) F715+59 21}, WEVA
7} EAe= 20X E H0, Al vlste] oF 22%
FH6.5%) 0= @A FAskSdT) o2y A tix
T2 NAC AA 2Tl e H,0, el 23 ROS A4
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A B
40 5 40
= * < *
s [
w 30 3 30
] t o
) T g2
[=] 3
& 10 2 10 t
-3 3}
0 29
S -+ + o+ HO,(1mM) - - -+ %+ HO,(1mM)
+ - -+ - WEVA(1.5mg/mL) -+ - -+ - WEVA(L.5mgml)
-+ - .+ NAC(10mM) - -+ - -+ NAC(10mM)
C : + - WEVA (1.5 mg/mL)
5 : + NAC (10 mM)

(Ww 1) 0°H

Fig. 2. Suppressive effect of WEVA on H,0,-induced apoptosis and ROS generation in C2C12 cells. (A) Suppression of
H,0;-induced cell apoptosis. (B) Inhibition of intracellular ROS generation. (C) Representative fluorescence images of DCF
staining. WEVA: water extract of Vitis amurensis root, ROS: reactive oxygen species, NAC: N-acetyl-l-cysteine. p<0.001 compared
with the control group; 'p<0.001 compared with the H,O,-treated group.

A WEVA (1.5 mg/mL) B WEVA (1.5 mg/mL) C 6o, *
P + - + =
E
g>40-
1 1 ® T
X x 8
o S &=
3 3 b
H = i ] |
+ |2 NE 0L~ r . :
-+ -+ WEVA(1.5mg/mL)
+ + H0,(1mM)

Fig. 3. Attenuation of H,O-induced DNA damage by WEVA in C2C12 cells. (A) Immunofluorescence staining of yH2AX. (B)
Comet assay for DNA damage analysis. (C) Measurement of 8-OHAG levels. WEVA: water extract of Vitis amurensis root,
8-OHdG: 8-hydroxy-2'-deoxyguanosine. ‘p<0.001 compared with the control group; "p<0.001 compared with the H,O.-treated
group.

= W& FEo2 Adsiylnt. olejdt WEVAS AH 5 H,0,0f QI3 C2C12 M|IE2] DNA 240 O|X|
gk ksl g AERIE] S8t FY 2ol = WEVAQ| &5t
s NZE vdez g3dn) sl DCF %
£ HWEH oM, H0,7t 95 Agd Ao
nsh=s &3 A=7t sl = iA
h NACERE oluz} WEVAZE EA6h= 2704 vk
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o] Z7E YA T, WEVAZE AAH RS A5 v

= =2
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Fig. 4. Protection of H,0O,-induced mitochondrial dysfunction by WEVA in C2C12 cells. (A) Attenuating effect of WEVA on
H,0»-induced loss of MMP. (B) Inhibitory effect of WEVA on H,0,-induced mitochondrial release of cytochrome c. (C) Suppression
of H,0,-induced cytochrome ¢ translocation by WEVA. WEVA: water extract of Vitis amurensis root, MMP: mitochondrial
membrane potential, C.F: cytosolic fraction, M.F: mitochondrial fraction, COX IV: cytochrome ¢ oxidase subunit IV. "p<0.001
compared with the control group; 'p<0.001 compared with the H,O,-treated group.

8 ] Korean Med Rehabil 2026:;36(3):1-14.



C2C12 A

oA Ao AEFHA T AR 240 ot RS &= Eo a9 !

WEVA (1.5 mg/mL)

A = + = +
BN H,0, (1 mM)

+ +

‘-— ——-—-| Bax

— - — | Bcl-2

N ' ‘ C-caspase-3

\ — --—-—‘ C-PARP

’- = e —| B-actin

4.0 Baxlﬁ-actin‘ 1.2 Bcl-2/B-actin t
3.5
& c
£ 30 5 1.0
825 2 0.8 e
220 + 2061 e
215 3 04
S 1.0 °
i |—| 0.2
0.0 T T T T 0.0 T T
51 C-caspase-3/B-actin 81 C-PARP/B-actin
' 56 2
S 5] °
3 34
< 2 T = t
Nl “an
01— T o 0 ST
s + < + + + WEVA (1.5 mg/mL)
£ + + HO0,(1mM)
(04
51
-1 4
¥
o 2 3
3z
©
282 1
= T
r 1
o
0

+  WEVA (1.5 mg/mL)
H0; (1 mM)

IL1C]

+ +

Fig. 5. Effects of WEVA on the expression of apoptosis
regulatory proteins and activity of caspase-3 in H,O,-treated
C2C12 cells. (A) Western blot analysis of apoptosis-regulatory
proteins. (B) Relative protein expression levels normalized to
B-actin. (C) Effect of WEVA on caspase-3 activation. WEVA:
water extract of Vitis amurensis root, Bax: Bcl-2-associated X
protein, Bcl-2: B-cell lymphoma 2, PARP: poly(ADP-ribose)
polymerase. “p<0.001 compared with the control group; "p<0.001
compared with the H,O,-treated group.
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Fig. 6. Activation of Nrf2 signaling pathway by WEVA in
H,0,-treated C2C12 cells. (A) Western blot analysis of Nrf2
signaling pathway proteins. (B) Densitometric quantification
of protein expression levels. Nrf2: nuclear factor E2-related
factor 2, WEVA: water extract of Vitis amurensis root, HO-1:
heme oxygenase-1, Keapl: Kelch-like ECH-associated protein
1. "p<0.001 compared with the control group; 'p<0.001
compared with the H,Oo-treated group.
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Fig. 7. Effect of Nrf2/HO-1 signaling pathway on antioxidant activity of WEVA in C2C12 cells. (A) Measurement of relative
HO-1 activity. (B) Flow cytometric analysis of ROS production. (C) Assessment of cell viability by MTT assay. Nrf2: nuclear
factor E2-related factor 2, HO-1: heme oxygenase-1, WEVA: water extract of Vitis amurensis root, ZnPP: zinc protoporphyrin,
DCF: dichlorodihydrofluorescein. p<0.001 compared with the control group; 'p<0.001 compared with the H,O,-treated group;
p<0.01 and %p<0.001 compared with the H,O,+WEVA-treated group.
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Fig. 8. Schematic diagram showing the proposed mechanism
underlying protective potential of WEVA against oxidative
stress-induced oxidative cytotoxicity in C2C12 myoblasts. WEVA:
water extract of Vitis anurensis root, ROS: reactive oxygen species,
Keap-1: Kelch-like ECH-associated protein 1, Nrf2: nuclear factor
E2-related factor 2, AREs: antioxidant response element, HO-1:
heme oxygenase-1, MMP: mitochondrial membrane potential,
Bax/Bcl-2: Bcl-2-associated X protein/B-cell lymphoma 2,
PARP: poly(ADP-ribose) polymerase.
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